With the exceptionally slow recovery from the Great Recession, the prolonged period of expansionary monetary policy stance in many advanced economies has reignited a debate over the role of exchange rate in stimulating the domestic economy. In contrast to the relationship between a domestic-currency depreciation and a country's trade flows, existing empirical evidence seems to suggest that the relationship between exchange rate movements and firms' participation in international trade (extensive margin of trade) is rather weak.
Introduction
With the exceptionally slow recovery from the Great Recession around the world, the prolonged period of expansionary monetary policy stance in many advanced economies has reignited a debate over the role of a domestic-currency depreciation in stimulating the domestic economy. In contrast to the empirical evidence on the effects of exchange rate movements on a country's trade flows, existing empirical studies suggest that the relationship between exchange rates and export participation of firms (extensive margin of trade) over business cycles is rather weak. For example, using the U.S. data on traded good varieties, Alessandria and Choi (2008) report that there is essentially no correlation (0.04) between the real exchange rate and the extensive margin of trade. For Ireland, Fitzgerald and Haller (2017) report that a depreciation has little effects on exporter entry, with a 10 percent depreciation leading to only a 0.01 percentage point increase in the entry rate, and that there is no statistically significant relationship between depreciation and the exit rate of exporters.
Using French firm-level data, Berman, Martin and Mayer (2012) find that a 10 percent depreciation increases exporter entry by 2 percentage points.
At the first glance, this apparent disconnect may be in line with the findings that the evolution of the extensive margin of trade is gradual, as suggested by previous empirical studies using low frequency trade data. 1 However, recent studies using higher frequency data have revealed that the extensive margin of trade is in fact highly volatile over business cycles and more so than output. Alessandria and Choi (2008) report that the extensive margin of exports is 1.5 times as volatile as GDP for the United States. Naknoi (2015) report that the extensive margin of exports to the United States is three times more volatile than the GDP of exporting countries. These findings shed new light on the dynamic behavior of the extensive margin of trade over business cycles. This paper studies the effects of a policy-induced depreciation on firms' participation in international trade and the relationship between exchange rates and the extensive margin of trade over business cycles. We extend a two-country dynamic stochastic general equilibrium model of Imura (2016) wherein firms make forward-looking decisions on whether and how much to export, and prices are staggered across firms and time. Following the exporter dynamics of Alessandria and Choi (2007), large sunk entry costs faced by average potential new exporters and continuation costs of exporting facing incumbent exporters imply that firms' export participation decisions are dynamic, as they compare the expected future profitability of exporting against the alternative value of not exporting in the current period. As firms in our model also face price rigidities in addition to persistent shocks to their productivity each period, firm-level heterogeneity in prices, productivity and export status generates rich microfoundation to study the implications of monetary policy for firm-level export participation decisions.
In our model economy, a firm's value of export participation is directly influenced by relative export prices, the exchange rate, interest rates and foreign demand. The monetary authority in each country follows a Taylor-rule interest rate policy function which reacts to domestic inflation and the real exchange rate. Since we assume that new entrants and incumbent exporters borrow to finance their respective export costs prior to production, a change in the policy rate directly influences the profitability of export participation by affecting the financing costs. In addition, the monetary authority indirectly influences the profitability of exporting and hence export participation through general-equilibrium effects on the exchange rate, production costs, and export prices.
Our quantitative analysis reveals that, while a currency depreciation induced by an expansionary monetary policy shock increases total export revenues of the country, it entails a contraction of export participation among domestic firms. When exported goods are priced in the currency of the destination market (local currency pricing), for a given level of exported goods, a real depreciation of the producers' currency (or, equivalently, a real appreciation of the destination currency) increases export revenues in their currency. At the same time, the lower interest rate reduces the cost of financing export costs. The depreciation and the lower interest rate both raise the profitability of export participation, and hence have the potential to expand the extensive margin of trade. However, inflationary effects of the monetary stimulus raise domestic production costs and hence optimal export prices, and weaken the competitiveness of some firms in the export market.
We find that, overall, firms' decisions to participate in exporting are more sensitive to their competitiveness relative to other exporters and firms in the destination market. Therefore, for some potential entrants and incumbent exporters, the loss of competitiveness due to the rising production costs and higher prices dominates the positive effects of currency depreciation and lower interest rates, and we see a contraction in export participation. The increase in export revenues and the contraction along the extensive margin thus imply a reallocation of production resources toward more competitive firms and a larger market share for these surviving exporters.
In contrast, we show that a positive productivity shock leads to a depreciation of the domestic currency and an expansion of total exports and export participation at the same time. In this case, better production technology leads to a lower marginal cost of production and hence lower optimal prices, supporting the competitiveness of home firms in the export market. In addition, the increasing consumption in the home country relative to that of the foreign country leads to a real depreciation of the home currency which further contributes to an increase in export profitability.
Together, we see a depreciation of the currency and an expansion of export participation in this case.
Our finding that a positive productivity shock encourages export participation but a monetary stimulus leads to a contraction of export participation has an important implication for the cyclicality of the exporter dynamics. Naknoi (2015) reports that the cyclicality of the extensive margin of trade varies widely across countries and that the extensive margin of exports for a median country is uncorrelated with its output level. Importantly, these empirical findings are difficult to reconcile in models of exporter entry and exit wherein model dynamics are driven only by shocks to productivity, such as an entry/exit model with perfectly flexible prices. Our model simulations suggest that, when aggregate fluctuations are driven only by shocks to aggregate productivity, the correlation of GDP and the extensive margin of exports is 0.59, and that of the real exchange rate and the extensive margin is 0.60. In contrast, when the model dynamics are generated by shocks to monetary policy in the two countries, both correlations are negative (-0.20 and -0.07, respectively).
Therefore, our quantitative analysis suggests that the observed cross-country variation in the cyclicality of the extensive margin of trade and the lack of clear empirical relationship between the real exchange rate and the exporter dynamics may be attributed to the differences in underlying economic shocks driving the business cycle fluctuations.
We also consider various Taylor-rule specifications and examine their effects on the dynamic paths of trade flows and the extensive margin of trade. We show that an interest rate rule that is more aggressive on stabilizing domestic inflation moderates fluctuations along both intensive and extensive margins of the country's exports. When inflation is more tightly controlled, it reduces fluctuations in the real exchange rate, which attenuates the changes in real export revenues. At the same time, the reduced inflationary pressures support the competitiveness of domestic firms in the export market, and the fluctuations along the extensive margin of trade are also dampened.
Exploring a scope for an international policy cooperation, we show that, when the monetary authority in both countries take exchange rate fluctuations into their policy considerations, neither margin of exports is affected relative to the baseline case, but the GDP expansion is shared more evenly across the two countries, with a smaller expansion for the home country and a larger positive spillover to the foreign country.
The remainder of the paper is organized as follows. Section 2 reviews the related literature.
In section 3, we describe our model economy in detail. Section 4 summarizes calibration and steady-state characteristics of the model. Results are presented in section 5. Section 6 concludes.
Related literature
Over the past decade, the extensive margin of trade has become an important dimension of the international business cycle literature, starting with the work by Melitz (2003) and its application to the general equilibrium analysis in Ghironi and Melitz (2005) and Alessandria and Choi (2007) . Melitz (2003) developed a trade model with monopolistic competition and heterogeneous firms, and showed that the exposure to trade induces only the more productive firms to enter the export market and forces the least productive firms to exit. Therefore, international trade results in a reallocation of resources towards more productive firms, and contributes to welfare gains. Ghironi and Melitz (2005) extended the Melitz model to a two-country general equilibrium framework, and show that, even in the absence of nominal rigidities, firm heterogeneity and the dynamics of firm entry and exit generate endogenously persistent deviations from PPP.
In contrast to the static export decisions in the Melitz model and recognizing that firms' export status is highly persistent in data, Alessandria and Choi (2007) developed a model of forwardlooking export participation choices by introducing large sunk costs of entry into the export market and per-period continuation costs of exporting for incumbent exporters. They calibrate the model to match the entry and exit dynamics of U.S. exporters, and show that export decisions have negligible effects on the dynamics of net exports and the real exchange rate. Imura (2016) extended their model by introducing price rigidities, and showed that, when an aggregate shock has significant effects on optimal export prices, the delay in intensive margin adjustments due to price rigidities leads to sizable shifts in the profitability of export participation. This in turn generates larger responses in the number of exporters, and amplifies the responses of trade flows relative to a model without exporter entry and exit. In our present paper, we build upon her model and introduce working capital in the production of tradable intermediate goods and an explicit monetary policy rule to study the transmission of monetary policy shocks to firms' export decisions.
A number of studies have investigated the implications of monetary policy for firm entry (or product creation) in the domestic market in closed-economy settings. Bilbiie, Ghironi and Melitz (2007) study optimal monetary policy in a DSGE model with imperfect price adjustment and product creation. They show that, because price adjustment costs are proportional to producer price inflation, any deviations in producer price stability act as a tax on firm profits that distorts the optimal allocation of resources to product creation relative to production of existing varieties, resulting in a suboptimal amount of product variety. Bilbiie, Fujiwara, and Ghironi (2014) show that long-run inflation is optimal when the benefit of variety to consumers is less than the market incentive for creating a new variety, and deflation is optimal in the reverse case.
Bergin and Corsetti (2008) report empirical evidence that new firm incorporations and net business formation respond significantly to monetary policy innovations. They explain this finding using a general equilibrium model with price rigidities and firm entry into the domestic market.
They show that the dynamics of firm entry resembles investment dynamics at the intensive margin, and a fall in the real interest rate raises the expected discounted profits from creating a new firm, thereby encouraging the entry of new firms. In their environment, firms' entry decisions are static, and all firms set the same price one period ahead under their assumption of symmetry.
Therefore, there is no price dispersion between incumbent firms and potential entrants, and hence firms' entry decisions do not depend on the pricing behavior of incumbent firms. In contrast, our model assumes that price adjustments are staggered across firms and time, and export participation decisions are forward-looking due to the presence of sunk entry costs. Therefore, the evolution of price differentials among incumbent exporters as well as between incumbents and potential entrants alters their market share in the destination market, and hence monetary policy affects export entry/exit decisions through its impact on the price dynamics. Using a two-country monetary model with firm entry into the domestic market, Cavallari (2013) Cooke (2016) studies optimal monetary policy in a two-country model with exporter entry/exit decisions, similar to the setup of Ghironi and Melitz (2005) . He shows that as a home monetary contraction improves the terms of trade, consumption increases, and policy makers have an incentive to set higher interest rates, which lead to higher long-run inflation. Higher interest rates force less productive firms to exit the market, thereby raising the economy-wide productivity.
In his model, prices are flexible, and monetary policy generates real effects because households face restrictions in their choice of portfolio composition. In contrast, we explicitly model price rigidities, and study the stabilizing effects of monetary policy on trade flows and firms' export participation.
Model
There are two symmetric countries: Home and Foreign. In each country, there are a continuum of identical households, a unit mass of monopolistically competitive firms each producing a differen- Intermediate-good firms are heterogeneous in productivity, export costs and the timing of price adjustment. Each period, they face persistent firm-level productivity shocks. All intermediategood firms produce and sell in the domestic market; however, exporting is costly and involves export costs which depend on firms' export status in the previous period. If a firm did not export in the previous period, it must pay a sunk entry cost in order to start exporting. 2 Once in the export market, incumbent exporters pay a continuation cost every period in order to remain in the export market. These export costs are i.i.d. across firms, time, and countries. In any given period, firms reset their domestic and export prices separately with some probability. This price-adjustment probability varies across firms depending on the number of periods since their most recent price adjustment.
The following subsections describe the model economy from the perspective of the home country. Analogous conditions hold for the foreign country. Foreign counterparts to home-country variables are indicated by an asterisk.
Intermediate good producers

Static problem
Each intermediate good firm i has the following CES production technology
where z(i) is firm-specific productivity in the current period, A t is aggregate productivity, K t (i) is capital rented from domestic households, and L t (i) is a labor input. The firm-specific productivity z(i) is discrete, and follows a Markov switching process with transition probabilities prob(z = zc|z = z c ) = π cc . The firm's static problem minimizes the production cost min
subject to equation (1), where w t is real wage and r t is the rental rate of capital.
Profits
Since the production function has constant returns to scale, we can decompose a firm's total profit into profits from domestic sales and those from exports. Consider a firm in the domestic market with current productivity z c and an effective price P D j,t (z s ) which was set j periods ago when this firm had productivity z s . Let y H j,t (z s ) denote domestic demand for this firm's output. The real profit of this firm from domestic sales is
where P t is the aggregate price index of the home country. 3 In addition to selling in the domestic market, intermediate-good firms can choose to export to the foreign country if they pay export costs which are paid as labor costs for hiring additional workers. Consider an exporter with current productivity z c . Let P X j,t (z s ) denote an export price this firm set j periods ago when it had productivity z s . We assume local currency pricing, and hence P X j,t (z s ) is denominated in the currency of the foreign country. The firm's real export profit, excluding export costs, is
where y H * j,t (z s ) is the foreign demand for this firm's exports, Q t is real exchange rate (home consumption good per unit of foreign consumption good), and P * t is the aggregate price index of the foreign country.
Domestic Prices
Let α j be the probability of price adjustment in the current period given that the firm last adjusted its price j periods ago. We assume that all firms adjust their price with probability 1 within J periods: α J = 1.
Let V D 0,t (z c ) denote the value of a firm in the domestic market that has current productivity level z c and is currently adjusting its domestic-market price:
for c = 1, · · · , n z , where β is the household subjective discount factor, λ t is the date-t household marginal utility of consumption, and V D 1,t+1 (·) is the value of the firm next period if it cannot adjust its price next period. This firm chooses P D 0,t (z c ) in order to maximize (4). The domestic-market value of a firm that is not currently adjusting its price and has current productivity z c and an effective price
and
for c = 1, · · · , n z , and s = 1, · · · , n z .
Export prices
Exporters must pay export costs which depend on their export status in the previous period. If a firm did not export in the previous period and chooses to enter the export market in the current period, it must pay an i.i.d. sunk entry cost η drawn from a time-invariant distribution η ∼ G E (η).
If a firm was an exporter in the previous period and chooses to continue exporting in the current period, it must pay a continuation cost ξ drawn from a time-invariant distribution ξ ∼ G(ξ). We assume that these export costs must be paid before production and exporting take place. In order to finance the export costs, firms borrow intraperiod loans at a nominal interest rate i t .
Let V E t (z c , η) denote the value of exporting for a potential entrant (a firm that was not an exporter last period) that has current productivity z c and an entry cost draw η. If this firm decides to enter the export market in the current period, it sets an optimal price for its exports upon entry.
We assume that the export price may differ from the current price the firm uses in the domestic market. The value of exporting for this potential entrant can be expressed as
for c = 1, · · · , n z , where H j,t+1 (·) is the expected value of exporting next period defined below.
The first term inside the binary max operator is the value of entering the export market in the current period with the optimal price P X 0,t (z c ), and the second term is the value of not entering this period (and hence zero export profit this period) and being a potential entrant again next period.
Prior to learning whether it will reset its export price in the current period, the export value of this incumbent exporter is
for c = 1, · · · , n z , s = 1, · · · , n z , and j = 1, · · · , J − 1, and
for c = 1, · · · , n z .
Next, we describe the Bellman equations of incumbent exporters. Let V X 0,t (z c , ξ) be the value of an incumbent exporter that is resetting its price this period and has current productivity z c and an
, ξ be the exporting value of an incumbent that is not able to adjust its price this period, and has current productivity z c , an effective price P X j,t (z s ) and an i.i.d. export cost ξ. The export value for incumbent exporters conditional on price reset is (7) for c = 1, · · · , n z , and the values conditional on no price reset are
Incumbent exporters with current productivity z c that are resetting prices in the current period choose P X 0,t (z c ) so as to maximize equation (7). Entrants with current productivity z c choose P X 0,t (z c ) that solves equation (5) . Since the optimal price does not depend on the export costs, for a given level of current firm-specific productivity z c , entrants and price-resetting incumbent exporters choose the same optimal price P X 0,t (z c ).
Exporter entry and exit decisions
We now turn to how firms make decisions on whether or not to participate in the export market. Let η E t (z c ) denote the maximum entry cost that last period's non-exporters with current productivity z c are willing to pay in order to start exporting this period. This threshold entry cost equates the value of entering the export market (the first element of the binary max operator in equation (5)) to the value of not entering this period (the second element of the binary max operator):
Similarly, let ξ 0 t (z c ) denote the maximum continuation cost that incumbent exporters with current productivity z c that are adjusting price this period are willing to pay in order to continue exporting in the current period. From equation (7), this threshold cost equates the value of continuation and the value of exiting the export market this period:
Finally, using equations (8) and (9), we can define the maximum export cost ξ j t (z c , z s ) that non-price-adjusting incumbent exporters with current productivity z c and an effective export price P X j,t (z s ) are willing to pay in order to continue exporting this period:
for c = 1, · · · , n z , s = 1, · · · , n z , and j = 1, · · · , J − 2, and
Using the threshold export participation costs derived above, along with the continuous time-invariant distributions of export costs η and ξ, we can determine firms' probabilities of entry and continuation in the export market, prior to the realizations of these costs. For potential entrants, the probability of entering the export market is
For price-adjusting incumbent exporters, the probability of remaining in the export market is
For non-price-adjusting incumbents, the probability of remaining in the export market is ζ
Evolution of firm distributions
Let θ j,t (z c , z s ) denote the mass of firms in the domestic market starting date t with productivity z c and a domestic price P D j,t (z s ). The evolution of the distribution of firms is
π cc θ j,t (z c , zs),
The mass of firms in the domestic market starting t + 1 with productivity zc and a domestic price P D 1,t+1 (zs) is
Since there is a unit mass of firms in the domestic market, θ(·) sums up to 1:
The evolution of the mass of exporters can be described in a similar way but taking into account the probability of entry/exit in the export market. Let ψ j,t (z c , z s ) be the mass of incumbents starting date t with productivity z c and an export price P X j,t (z s ), and let N E t (z c ) be the mass of entrants with productivity z c at time t. The evolution of the distribution of price-adjusting incumbents is 
Final good producers
where ω is the home bias, γ is an elasticity of substitution between intermediate goods produced in the same country, ρ is the elasticity of substitution between home and foreign intermediate goods 
subject to the production technology (10). This yields demand for each intermediate good i:
Foreign final good producers solve an analogous problem. Their demand for imports from the home country is
Therefore, the real export revenue for the home country is
Price index
The aggregate price index across all goods available in the home country is
where the price index for domestically-produced goods P D t is
and the price index for imported goods P X * t is P X * t
Household
There is a continuum of identical households in each country. They consume final goods C t , make 
and the law of motion for capital
Because we assume that the international bond markets are complete, the first order condition with respect to optimal purchases of international state-contingent bonds in the two countries implies that the real exchange rate is proportional to the relative marginal utility of consumption:
where Q t ≡ e t P * t Pt . 4
Monetary policy rule
The monetary authority in each country sets a nominal interest rate i t according to a policy rule with some persistence that reacts to fluctuations in domestic inflation and the real exchange rate:
where variables with a hat denote percentage deviations from steady state values, π t ≡ P t /P t−1 is domestic inflation, and µ t is a monetary policy shock.
GDP and related variables
We define GDP as
Pt
where P Y t is the GDP deflator defined as
and g t is the export-to-GDP ratio defined as
Calibration
The model is calibrated to the quarterly frequency. The household subjective discount factor is 0.99 to imply the annual real interest rate of 4 percent. We assume that the household period utility is log in consumption (σ c = 1) and linear in leisure (σ L = 0). The weight on leisure in the utility function χ is set equal to 1.8 so that the households work 1/3 of their time in steady state. (2002)). The intratemporal elasticity of substitution γ is 3.8 as in Ghironi and Melitz (2005) . 4 In our calibration, we normalize e0 The share of capital in the production function ν is set equal to 0.4. The depreciation rate of capital δ is 0.025 so that capital depreciates by 10 percent annually. The investment adjustment cost κ is set equal to 5.85 so that the standard deviation of investment relative to that of GDP is 2.91 as in the data. 5 We assume that there are two levels of firm-level productivity: n z = 2.
The price adjustment hazard is assumed to rise convexly in the time since last price reset, We assume that entry and continuation costs (η and ξ, respectively) are both drawn from uniform distributions with lower support 0. We jointly calibrate the home bias parameter ω, the upper support of entry costs η U , that of continuation costs ξ U , and the persistence and volatility of the firm-level productivity (ρ z and σ z ) to match (i) the mass of exporters, (ii) the average rate of entry, (iii) the average rate of exit, (iv) the average productivity of exporters relative to that of non-exporters, and (v) the imports-to-GDP ratio in the U.S. data. In our model, the steady-state year. These numbers translate to a 97 percent quarterly continuation rate and a 4 percent quarterly 5 The simulation is driven by shocks to productivity and monetary policy in both countries. The process for productivity shocks has persistence of 0.95, the standard deviation of 0.007, and the cross-country correlation of 0.25, as in Kehoe and Perri (2002) . The process for monetary policy shocks has persistence of 0.12, the standard deviation of 0.0024, and no exogenous cross-country spillovers, as in Smets and Wouters (2007) . The model statistics are computed as the average of 100 simulations, each simulation with 1000 periods, where the relevant series have been logged and HP filtered. entry rate. In our model, the probability that incumbent exporters continue exporting next period is 87 percent quarterly while the probability of non-incumbent firms entering the export market is 4 percent quarterly. Exporters are 13 percent more productive relative to non-exporters in our steady state, to be in line with the observed range of 12 to 18 percent (Bernard and Jensen, 1999).
The steady-state ratio of imports to GDP is 0.12, as in the data (Drozd and Nosal, 2012) . Table   1 summarizes the parameter values used in the baseline calibration, and the calibration target moments and the corresponding steady-state moments from our model are reported in Table 2 .
Results
In this section, we examine a series of impulse responses of our model economy to country-specific aggregate shocks with a focus on the dynamics of the extensive margin of trade. As discussed in section 3.1.5, firms' export decisions depend on the value of exporting (entry of new exporters, or continuation of incumbent exporters) relative to the value of not exporting (no entry for potential entrants, or exit for incumbent exporters). Equations (5) and (7) suggest that the value of exporting is directly influenced by movements in certain aggregate variables, such as the exchange rate, export prices, the interest rate, and the aggregate demand in the destination market. Of course, these variables are in turn affected by the evolution of the aggregate state of the economy through general equilibrium effects.
Monetary policy shocks
We begin our analysis with an expansionary monetary policy shock. Figure 1 shows the impulse responses of our model economy to a 1-percent expansionary monetary policy shock in the home country. The persistence of the shock is set to 0.12 as estimated by Smets and Wouters (2007) , and there is no exogenous shock spillover to the foreign country.
With the policy stimulus, we immediately see output rising in the home country. The rise in home consumption relative to that in the foreign country leads to a real depreciation of the home currency by 2.3 percent at the impact of the shock. At the same time, the inflationary effects of the expansionary shock exert an upward pressure on the current and expected future costs of production, and this leads firms to start raising their prices. In our local-currency-pricing setting, the increase in the price of home exports (relative to the foreign CPI) reduces the foreign demand for home exports; however, this decline is more than offset by the strong real appreciation of the foreign currency, and we see an increase in the home country's real export revenues. In the next few periods following the shock, export revenues continue to exceed the steady state level as the foreign currency remains stronger in real terms.
For individual firms making decisions on export participation, the lower interest rate reduces the cost of financing export costs, and the real appreciation of the foreign currency raises the Notes: Impulse responses to a 1 percent expansionary monetary policy shock in the home country. The persistence is set equal to 0.12, with no exogenous shock spillover to the foreign country.
profitability of foreign sales. However, we see that export participation (extensive margin of trade) declines 2.7 percent at the impact of the shock. For incumbent exporters, the rising production costs imply lower profitability of exporting. The potential export-market share of potential entrants is diminishing because their optimal prices chosen upon entry reflect rising costs of production and thus are higher than the average price of incumbent exporters whose prices adjust gradually due to nominal rigidities. Therefore, despite the real depreciation of their currency and the lower interest rate, the loss of competitiveness due to the inflationary pressure dominates in some firms' export decisions.
These results highlight the contrasting relative importance of a policy-induced depreciation for a country's aggregate exports and for individual firms' participation in international trade.
While the real depreciation contributes to increasing the value of a given unit of export sales, the inflationary effects of the shock in the domestic economy shrink some firms' market share in the export market, thereby hindering their participation in international trade. As a result, the increased export revenues are shared by a fewer, more competitive exporters, with each of them having a larger market share.
The importance of firms' competitiveness over exchange rate movements in influencing the dynamics of the extensive margin of trade becomes clearer when we consider simultaneous expansionary monetary policy shocks in both home and foreign countries. In this case, because Notes: Impulse responses to simultaneous 1-percent expansionary monetary policy shocks in the home and foreign countries. The persistence is set equal to 0.12, with no exogenous shock spillover to the other country.
the dynamic path of consumption is symmetric in the two countries, the shocks cancel out their effects on their respective currency, and the real exchange rate remains at the steady state level throughout. In addition, relative to the impulse responses in figure 1 , the foreign expansionary monetary policy shock generates a sizable increase in foreign consumption, which increases foreign demand for home exports.
In figure 2 , we see that the higher aggregate demand in the foreign country due to the expansionary monetary policy shock there leads to an immediate, sizable increase in home export revenues relative to the level we saw in figure 1 . In subsequent periods, although the foreign demand starts reverting to the steady state at the rate faster than the export price index, export revenues are supported by the higher price of home exports. In contrast, we continue to see a fall in exporter participation of home exporters despite the stronger foreign demand and the lower home interest rate. Since the real exchange rate remains at the steady state level in this case, the changes in home export prices are attributed to the rising current and expected future cost of production in the home country, and the loss of competitiveness leads to a fewer firms participating in international trade.
When incumbent exporters face rising production costs, some of them find the real appreciation of their foreign sales insufficient to cover their production costs (due to productivity heterogeneity) and export costs (due to their i.i.d. continuation cost draw), and they exit the export market. On the other hand, for average potential entrants, because they face sunk entry costs that are on average substantially larger than the average continuation cost paid by incumbent exporters, their potential profit share from the rise in foreign demand is smaller than that of an average incumbent exporters. In addition, because of the rising production cost in the home country, the optimal export price chosen by potential exporters is higher than the average export price of incumbent exporters, which further reduces the potential market share of potential exporters.
As a result, we see a contraction along the extensive margin of trade.
Productivity shock
We next examine the dynamic responses of our model economy to a positive productivity shock in the home country. We will see that, in contrast to the contraction of the extensive margin in response to an expansionary monetary policy shock despite the depreciation of the home currency as seen in figure 1 , positive productivity shocks lead to an expansion of the extensive margin of trade along with the depreciation of the currency. Figure 3 shows the impulse responses of the same set of variables as in figures 1 and 2, to a 1-percent positive productivity shock in the home country, with persistence of 0.906 as in Backus, Kehoe and Kydland (1992) and without exogenous cross-country spillover to the foreign country. As the shock expands the home country's production capacity, GDP increases. The higher consumption in the home country relative to the foreign country implies that the real exchange rate Notes: Impulse responses to a 1 percent positive productivity shock in the home country. The persistence of the shock is 0.906 as in Backus, Kehoe and Kydland (1992) , and there is no exogenous spillover of the shock to the foreign productivity process.
depreciates for the home currency. At the same time, the higher productivity lowers the marginal cost of production for home intermediate-good producers, and they start lowering their prices. The lower price of home exports relative to the aggregate price index in the foreign country increases the demand for home exports, and, with the appreciation of the foreign currency, we see an increase in the home country's exports.
Because potential entrants optimally set their prices upon entry, their prices are lower than the average export price of incumbent exporters facing price rigidities. As a result, the potential market share of new entrants increases relative to that of an average incumbent exporter. At the same time, the declining domestic inflation leads the monetary authority to lower the interest rate, which contributes to lowering the borrowing costs for exporters to finance export costs. The increased price competitiveness of home exports, the real depreciation of the home currency, and the lower home interest rate together increase the value of exporting, thereby encouraging export participation. 6 Our results have an interesting implication of monetary stimulus for the extensive margin of trade in the face of an economic downturn. As we saw in figure 1 , an expansionary monetary policy can lead to increased export revenues, but it also results in a contraction of export participation because of the rising costs of production. This implies that an expansionary monetary policy shock designed to counteract an economic downturn (due to a negative productivity shock) may raise the country's aggregate export revenues, but this expansion does not entail an increased participation of domestic firms in exporting. Such scenario is presented in figure 4 which shows the dynamic responses of our model economy to a negative home productivity shock and a simultaneous expansionary monetary policy shock in the home country. The productivity shock is -1 percent with persistence of 0.5, and the monetary policy shock is -0.2 percent with the persistence of 0.12.
We see that, while the expansionary monetary policy helps to dampen the fall in export revenues, it amplifies the fall in the number of exporters as the inflationary effects of the shock raise production costs and erodes the value of exporting.
The opposing responses of the extensive margin depending on the source of the shock also offer an interesting insight to empirical findings that the cyclicality of the extensive margin of trade varies widely across countries and that the extensive margin of exports is uncorrelated with output of a median country (Naknoi, 2015) . 7 These empirical findings are difficult to reconcile in models of exporter entry and exit wherein aggregate fluctuations are driven by shocks to productivity. Our model simulations suggest that the correlation of GDP and the extensive margin of exports is 0.59 when aggregate fluctuations are driven by shocks to productivity in the two countries, whereas the correlation is negative (-0.20) when the dynamics are generated by monetary policy shocks in the two countries. 8 These results suggest the importance of monetary policy transmission in affecting the dynamics of exporter entry and exit over business cycles.
The role of the elasticity of substitution
In figures 1 and 2, we saw that firms' export participation in our model is highly sensitive to their prices relative to other exporters and the price level in the destination economy. The responsiveness of trade to changes in prices, at least quantitatively, depends on the elasticity of substitution between different good varieties. There are two types of elasticity of substitution in our model:
the elasticity of substitution between goods produced within the same country γ; and the elasticity
We find that this model still exhibits an immediate peak response of the extensive margin to productivity shocks, ruling out the possibility of strategic re-entry as the reason for the absence of hump-shaped responses of the mass of exporters in our model. We thank George Alessandria for the suggestion. 7 This finding of acyclical extensive margin is in contrast to the dynamics of firm entry in the domestic market. Bergin and Corsetti (2008) and Lewis (2009) report that business formation in the domestic market is procyclical. 8 We assume that innovations to productivity have persistence of 0.95, the standard deviation of 0.007, and the cross-country correlation of 0.25 which are in line with estimates by Baxter and Crucini (1995) , Kollmann (1996) and Backus, Kehoe and Kydland (1992) of substitution between goods produced in different countries ρ (Armington elasticity). In this subsection, we examine how various degrees of the elasticity affect export decisions. 9 We first vary the elasticity of substitution between goods produced in the same country γ which is set to 3.8 in our baseline calibration. In figure 5a , we see that the responsiveness of the extensive margin of trade is increasing in this elasticity of substitution, and is substantially more sensitive compared to how export revenues vary. Other things being equal, a higher elasticity implies that demand falls more for a given increase in the price of an exported good. Therefore, in the presence of price rigidities, potential and incumbent exporters with prices that are higher than the average export price face a reduced potential export market share and hence export profitability, and we see a higher selection competition among exporters as the elasticity of substitution increases.
Qualitatively, however, lowering the elasticity of substitution does not increase export participation in response to the monetary policy shock. The initial response of the extensive margin of trade is still negative (-0.7 percent at the impact of the shock) when the elasticity is lowered to 2 which implies a markup of 100 percent.
We next examine how the Armington elasticity ρ affects the dynamic responses of the extensive margin of trade. There is much debate regarding the estimates of this elasticity, and various values have been used in the literature on international business cycles. 10 In our baseline calibration, it is set to 1.5, implying that domestic and foreign goods are substitutes. We compared our baseline results to those from an otherwise identical model with ρ = 0.8 where domestic and foreign goods are now complements. In figure 5b , we see that, similar to the case for γ above, the magnitude of the fall in the extensive margin of trade is increasing in the value of the Armington elasticity, but qualitatively, the negative response remains. With a lower Armington elasticity, total foreign demand for home exports becomes less elastic to the deviation of the home export price relative to the foreign CPI, and firms' export profitability is less affected by price increases. As a result, we see a smaller fall along the extensive margin of trade.
Alternative Taylor-rule specifications and exporter dynamics
Inflation stabilization
Our results above suggest that inflationary effects of an expansionary monetary policy shock undermine the competitiveness of some exporters, discouraging their participation in international trade, despite the currency depreciation and the lower interest rate. It has been shown in the monetary policy literature that the monetary authority that is systematically more aggressive toward stabilizing inflation is able to better anchor inflation expectations. In this subsection, we examine the effects of monetary policy stance toward inflation stabilization on the dynamics of the extensive margin of trade. Figure 6 compares the impulse responses of our model economy to an expansionary monetary policy shock in the benchmark calibration (φ π =2 in equation (12)) and in an otherwise identical model wherein the monetary authority in the home country is more aggressive toward inflation fluctuations (φ π =4). As expected, with a higher weight on inflation in the policy reaction function, the expansion in the home country is moderated, and the real exchange rate depreciates by less.
This weaker inflationary pressure in the home country alleviates the loss of competitiveness for home firms in the export market, and the fall in the extensive margin of trade is dampened. 11 10 See, for example, Backus, Kehoe and Kydland (1994), Heathcote and Perri (2002) , and Ruhl (2008). 11 We find that making the policy function in the foreign country also sensitive to inflation (φπ = φ * π = 4) does not alter the dynamic responses of the export-related variables shown in figure 6 in any significant way. The figure is available upon request Notes: Impulse responses to an expansionary monetary policy shock in the home country, from our baseline model and an otherwise identical model wherein the monetary authority in both countries is systematically more responsive to real exchange rate movements. The benchmark responses are the same as those in figure 1 . The alternative model assumes that the Taylor rule coefficient on the real exchange rate is 1 in both countries (φQ = φ * Q = 1).
Policy responsiveness to exchange rate movements
In an open-economy environment, a country's external position may be a concern for monetary policy-makers, and the monetary authority may respond to fluctuations in the exchange rate of its currency, in addition to its inflation stabilization objective. In this subsection, we consider an alternative Taylor-rule specification in which the monetary authority in both countries places a sizable weight on exchange rate movements in their respective policy reaction function.
In figure 7 , we see that making the policy reaction function in both countries more responsive to fluctuations in the real exchange rate have negligible effects on the extensive margin of trade or export revenues in response to an expansionary monetary policy shock in the home country. In this case, in response to a pressure for appreciation of the foreign currency due to the relative increase in home consumption, the foreign monetary authority responds by lowering its interest rate. This brings expansionary effects on foreign GDP and consumption, and foreign demand for home exports expands. This increase in foreign demand, however, is offset by the attenuated appreciation of the foreign currency, and there is little change in the response of export revenues for the home country.
We also see that the dynamic path of the export price index for the home country is little affected by the alternative Taylor-rule specifications. This implies negligible changes in the competitiveness of home exporters relative to the baseline case, and the response of exporter participation is little affected by the monetary authority's stance to exchange rate fluctuations.
Comparison to the producer-currency-pricing setting
In our baseline model, we assumed that firms set the prices of their exports in the currency of the destination economy (local-currency pricing). In a recent study, Cooke (2014) shows that, in response to a monetary expansion, the extensive margin of trade expands under local currency setting, while it declines under producer currency pricing. We examined using our model framework to see whether the extensive margin responses are affected by the assumption of the currency in which exports are priced.
In figure 8 , we find that, also under producer currency pricing, the extensive margin of trade falls in response to an expansionary monetary policy shock. As in the case of local currency pricing, a rise in the marginal cost of production dominates the effects of the foreign currency appreciation, and the resulting rise in export prices reduces the demand for exports of some exporters. This is in contrast to the implications of Cooke's model (2014) where expenditure switching due to exchange rate movements leads to changes in demand at upstream production, which in turn drives demand for intermediate goods at the downstream production level where exporter entry and exit occur.
Conclusions
In this paper, we examined the response of the extensive margin of trade to monetary policy shocks and the role of various aggregate factors affecting individual firms' decision to participate in international trade. We developed a two-country dynamic stochastic general equilibrium model wherein heterogeneous firms make state-contingent, dynamic decisions on whether and how much to export and prices are staggered across firms and time.
We showed that, while a currency depreciation associated with an expansionary monetary policy contributes to increasing export profitability, inflationary effects of the policy stimulus weaken the competitiveness of exporters and discourage export participation. This is in contrast to an implication of a productivity shock which is associated with an expansion along the extensive margin of trade while also increasing a country's export revenues and depreciating the currency.
Qualitatively, our conclusion is independent of the assumed values of the elasticity of substitution between goods or whether exported goods are priced in the destination currency or the producers' currency.
Our results lend support to empirical findings that the dynamics of the extensive margin of trade is little correlated with exchange rate movements and that the cyclicality of the extensive margin of trade varies across countries. These findings cannot be explained by models of exporter entry and exit where the dynamic fluctuations of the economy are driven solely by productivity shocks, and highlight the potential diverging effects of monetary policy shocks on a country's exports and firms' participation in exporting. 
